A laboratory study of older adults with osteoarthritis and their spouses was conducted to examine the unique influence of exposure to suffering on caregivers' risk for impaired psychological and physical health. Spouses' blood pressure (BP) and heart rate (HR) were monitored during 2 tasks designed to capture their partners' suffering. First, spouses watched their partners (and a stranger) carry heavy logs across an 8-ft space for 3 min, a task that elicited pain expression. Second, spouses spoke about their partners' suffering (and also about a typical meal with their partners). Results showed that spouses' BP and HR increased when watching and talking about their partners' suffering, and exposure to a partner's suffering was more physiologically stressful than to a stranger's suffering. These findings suggest that heightened physiological stress caused by exposure to a loved one's suffering may be one pathway to caregivers' increased risk for cardiovascular disease.
C
ARinG for a spouse with a disease or disability can have negative consequences for one's physical and psychological health (Schulz & Beach, 1999; Vitaliano, Zhang, & Scanlan, 2003) . However, there is still much debate about the specific pathways through which this occurs. Most research has focused on the physical demands of providing care, staying vigilant to care recipients' needs, and dealing with problem behaviors (Pinquart & Sörensen, 2003) . We suggest that another important pathway is the emotional stress that results from exposure to a loved one's suffering, partially manifest as increased cardiovascular reactivity.
in close relationships, suffering can be contagious. numerous studies have shown strong associations between husbands' and wives' emotional distress, even after controlling for the effects of sociodemographic factors, functional and health statuses of both members of the dyad, and shared life events (Bookwala & Schulz, 1996; Gaugler et al., 2005; Tower & Kasl, 1995 . People are physiologically reactive to witnessing close others' pain (Block, 1981; Singer et al., 2004) , and there is evidence that partners' suffering, conceptualized as physical symptoms, psychological distress, and existential or spiritual distress, directly influences caregivers' depression and prevalence of cardiovascular disease (Schulz et al., , 2009 ). Emotional distress is likely to mediate the link between partners' suffering and caregivers' increased risk for cardiovascular disease. An extensive literature demonstrates that emotional distress increases cardiovascular reactivity (see Bradley & Lang, 2007 and Levenson, 1992 for reviews), and there is evidence to suggest that heightened cardiovascular reactivity over time is associated with an increased risk for cardiovascular disease (Jennings et al., 2004 ; Manuck, Marsland, Kaplan, & Williams, 1995; Treiber et al., 2003) .
Although there are a number of studies showing that caregiving, in general, is associated with increased cardiovascular reactivity (Grant et al., 2002; King, Oka, & Young, 1994; Shaw et al., 1997 Shaw et al., , 1999 Vitaliano, Russo, Bailey, Young, & McCann, 1993; Vitaliano et al., 2002) , these studies are descriptive and cross-sectional, and it is unclear what aspects of caregiving are responsible for this increase in reactivity. One exception is a laboratory study by Vitaliano and colleagues suggesting that talking broadly about the emotional aspects of caring for a loved one with Alzheimer's disease, compared with performing a cognitive task, is associated with higher blood pressure (BP). Although this study shows that a caregiver's emotional account of the relationship is an important predictor of cardiovascular reactivity, further specificity is needed. We suggest that witnessing a partner's suffering, in particular, may play an important role in increasing caregivers' cardiovascular reactivity. Thus, one aim of the present study was to examine the extent to which exposure to a partner's suffering affects cardiovascular reactivity in an experimental setting. We operationalize exposure to suffering in two ways: We asked spouses to watch their partners perform a pain-eliciting household task and talk about three dimensions of their partners' suffering-physical symptoms (e.g., pain and fatigue), psychological distress (e.g., anxiety and depression), and existential or spiritual distress (e.g., loss of purpose of life, comfort from religious beliefs). We chose an older adult married sample in which one person was coping with osteoarthritis (OA) because OA is a common chronic condition in later life that often entails pain, disability, and suffering (Centers for Disease Control and Prevention, 2004) , and spouses of people with OA are likely to be exposed to their partners' suffering on a regular basis.
A second aim of this study was to examine the extent to which the nature of the relationship influenced a person's cardiovascular response to another person's suffering. Research suggests that relationship type and closeness influence emotional and physiological convergence between two individuals. For example, Langford and colleagues (2006) found that mice which were exposed to cage-mates in pain also displayed pain behaviors themselves, and this did not occur for non-cage-mates. These effects were only marginally enhanced in same-sex siblings living together, and a separate experiment confirmed that close genetic relatedness was not required. Human research also demonstrates that valuing another person's welfare and relationship satisfaction increase empathic reactions to others' pain (Block, 1981; Singer et al., 2004) and depression (Tower & Kasl, 1995 . Thus, the extent to which people are familiar with and close to one another is likely to influence their psychological and physiological responses to suffering. Therefore, in the current study, we compared cardiovascular reactivity to spouses' versus opposite-sex strangers' physical suffering while performing a pain-eliciting task. To gain a deeper understanding of how closeness affects physiological reactions to a partner's suffering among spouses in particular, we also examined marital satisfaction as a moderator.
Hypotheses
Our central hypothesis is that exposure to suffering in a laboratory setting will uniquely influence caregiving spouses' cardiovascular functioning. Specifically, we hypothesize that (1) watching a stranger perform a pain-eliciting task will increase caregivers' systolic and diastolic BP and heart rate (HR) compared with watching a habituation stimulus, but (2) caregivers will have higher BP and HR responses to watching a partner's than a stranger's physical suffering. We also hypothesize that (3) talking about the partner's physical, psychological, and existential or spiritual suffering will increase the caregiver's BP and HR compared with talking about a mundane interaction such as having lunch with the partner. We will also explore the extent to which marital satisfaction moderates the association between partner suffering and spouses' BP and HR. We hypothesize that greater marital satisfaction will be associated with greater BP and HR reactivity.
Methods

Participants
Fifty-three care recipients with OA and their caregiving spouses participated in the study. Care recipients consisted of 27 women and 26 men (mean age = 69.67 years, SD = 8.69; 84.9% Caucasian, 11.3% African American, 3.8% other; 3.8% did not complete high school, 22.6% completed high school only; 49% attended college, 22.6% attended graduate school). Spouses had a mean age of 68.75 (SD = 9.80; 83% Caucasian, 11.3% African American, 5.7% other; 5.7% did not complete high school, 20.8% completed high school only; 41.5% attended college, 32.1% attended graduate school). Participants were recruited from the Gerontology Research Registry at the University of Pittsburgh, which is a database composed of participants from concurrent or past research studies of older adults at the University of Pittsburgh. in order to be eligible to participate in the present study, care recipients had to be more than 45 years old, have experienced pain of at least moderate intensity over the past month, had difficulty with at least one instrumental activity of daily living (iADL), and received assistance from the caregiver with at least one iADL. Participants had to meet a standard criterion (i.e., at least 7 of 10 items answered correctly) for cognitive functioning as measured by the Short Portable Mental Status Questionnaire (Pfeiffer, 1975) . Finally, couples were excluded if the caregiver took betablockers, because this medication affects HR, one of the primary outcomes of the study. However, caregivers were asked to provide a list and reasons for taking other medications. Medications were evaluated using the Physician's Desk Reference and classified into a categorical variable for analyses as either having a primary effect or having a 10% frequency of a side effect on BP and HR or not (56.6% of caregivers took medications that had an effect on BP and HR). Eligibility criteria were assessed over the phone before scheduling a laboratory appointment.
Preparation of Stimuli
Habituation video.-Prior to the study, two standardized videos were made of a healthy older man and a healthy older woman, each walking back and forth across an 8-ft space for 3 min without expressing any pain. These videos were captured with a digital video camera in color with no sound. One of these videos (depicting an opposite-sex target) was shown to caregivers as a control condition.
Stranger performing pain-eliciting log task.-Two standardized videos were also made prior to the study of one older male "stranger" and one older female "stranger" (who both met the same requirements as the care recipients and were not known to caregivers in the study) expressing pain while performing a log-carrying task for 3 min. These videos were in color and included sound. in the log-carrying task, the stranger loaded two 5-lb artificial logs into a leather carrier, carried the logs across an 8-ft space, unloaded each log from the carrier, and repeated the process. This task is similar to those used in previous research on participants with OA and their caregiving spouses to elicit pain expression (Martire et al., 2006; Romano et al., 1991) . The strangers were instructed to freely express pain verbally and nonverbally as they experienced it. in addition, they were asked to act as naturally as possible and to pretend they were doing the task at home. Caregivers later watched the video of the opposite-sex stranger in one condition of the experimental session. These videos were used to test the hypothesis that caregivers' BP and HR are higher when watching a partner compared with a stranger perform a pain-eliciting task.
Because it was not possible to exactly match the stranger and partner conditions in terms of the objective amount of pain expressed, we examined overall differences in pain expression between the stranger and partner videos using independent observers. Ten independent observers rated the pain expression of one of the stranger videos and one of the 10 randomly selected partner videos on a scale from 0 (no pain) to 10 (pain as bad as could be). Raters were not aware of which videos were of strangers and which were of actual participants. According to the observers, more pain was expressed in the stranger videos (M = 4.60, SD = 2.01) than in the partner videos (M = 2.45, SD = 2.50; t(9) = 3.04, p < .05).
Procedure: The Experimental Session
Videotaping the care recipient perform the pain-eliciting log task.-Each couple came into the laboratory for a 2-hr session. After introductions and consent, the experimenter escorted the caregiver to a waiting room. Meanwhile, the care recipient was videotaped performing the pain-eliciting log-carrying task (see details of the task in the previous section) in a separate area of the laboratory. The video was in color and included sound. The care recipient was instructed to freely express pain verbally and nonverbally as he or she experienced it. it was emphasized that the care recipient express his or her pain as it was felt and not to exaggerate or fake the expression of pain, to act as naturally as possible, and to pretend he or she was performing the task at home. The caregiver was not present during the care recipient's performance of the task; however, the care recipient was told that the video would be shown to the caregiver during the consent process.
Baseline.-next, the caregiver was taken to a sound and electrically shielded chamber that was used to separate the caregiver from the external laboratory environment and reduce electrical noise in the physiological recordings. The caregiver was seated in a comfortable chair, and a video monitor for task presentation was placed on an adjustable platform immediately in front of him or her. The experimenter then explained to the caregiver that he or she would be watching a series of videos and talking about some experiences while his or her BP and HR was monitored. The experimenter explained how the physiological equipment worked and tried to allay any anxiety the caregiver may have felt. The experimenter then attached three silver-silver chloride electrodes to the caregiver (using a modified lead ii electrode placement) for measurement of the electrocardiogram (ECG) and placed a standard BP cuff on the upper nondominant arm connected to a General Electric Dinamap Vital Signs Monitor. The experimenter then left the room and took baseline measurements of systolic and diastolic BP and HR for 3 min. BP measurements were taken three times, and HR was monitored continuously during this period. All subsequent conditions also lasted 3 min, with BP measurements taken three times and HR continuously monitored.
Habituation and exposure to partner's and stranger's physical suffering.-After the baseline period, the caregiver privately viewed the habituation stimulus (the video of the opposite-sex adult walking). next, the caregiver watched the videotape either of his or her partner or of the oppositesex stranger performing the log-carrying task. The order in which caregivers watched the partner and stranger log tasks was counterbalanced. The habituation condition was used as a comparison to the log task conditions to control for watching the movement of a person.
Verbal accounts of a mundane interaction and an episode of physical, psychological, and existential or spiritual suffering.-Caregivers were asked to give two verbal accounts about the care recipient. A similar procedure has been used by Vitaliano and colleagues (1993) . Caregivers were provided with written guidelines around which to organize their accounts. For one of the speeches, caregivers were asked to spend 3 min describing an interaction with the care recipient during a meal together. According to a manipulation check, in which participants rated the extent to which they felt four types of personal distress (disturbed, uneasy, distressed, troubled) on a 7-point scale (1, not at all; 7, extremely) after speaking, participants did not find this to be very distressing (M = 1.77, SD = 1.17). For the other account, caregivers were asked to spend 3 min talking about a specific instance in which the caregiver felt that the care recipient was suffering. Caregivers were asked to elaborate on three dimensions of suffering-physical, psychological, and existential or spiritual aspects. A manipulation check revealed that this was more distressing than talking about the typical meal (M = 4.42, SD = 2.09; t(52) = −9.58, p < .001). The verbal accounts were counterbalanced.
BP and HR
For each condition, a systolic BP mean and a diastolic BP mean were calculated by averaging each of the three automated measurements taken over the 3-min periods. To assess mean HR during each period, R-wave markers in the ECG signal were assessed for artifacts by visual inspection and by an automatic artifact detection algorithm available in a customized software package (Mindware Heart Rate Variability Scoring Module, version 2.16; Mindware Technologies Ltd, Columbus, OH). Following manual corrections of suspected artifacts, the Mindware program estimated the mean HR for each caregiver for each 3-min condition.
Marital Satisfaction
Caregivers were asked to report their level of marital satisfaction using the Marital Adjustment Test (MAT; Locke & Wallace, 1959) at the beginning of the laboratory session in a separate room from their spouse. This measure was completed in addition to a series of other background measures not relevant to the present study hypotheses. The 16-item measure includes one question about the participant's general level of happiness in the marriage using a scale from 1 (very unhappy) to 7 (perfectly happy), eight questions about agreement or disagreement with the spouse on issues such as handling finances, friends, and philosophy of life on a scale from 1 (always agree) to 6 (always disagree), and seven questions that explore issues such as whether spouses confide in their partner, whether they would marry the same person again, and whether they have similar interests in activities. The scores for the different items are weighted based on their criterion validity in predicting maladjustment and divorce (Locke & Wallace) . The range of possible scores is 2-158, with higher scores indicating greater marital satisfaction. The mean marital satisfaction score using the MAT for U.S. samples is 100 (SD = 15; Locke & Wallace) . in the present study, caregivers' average marital satisfaction score was 92.54 (SD = 13.60).
Results
Baseline Differences in Caregivers' Physiology
First, we entered gender, age, and use of BP medication into multivariate regression models predicting baseline systolic and diastolic BP and HR. We found significant effects of gender on baseline BP such that men had higher systolic and diastolic BP than women (b = .34, t(50) = 2.56, p < .05 and b = .38, t(50) = 2.81, p < .05, respectively). We also found that older caregivers had higher systolic BP at baseline (b = .28, t(50) = 2.12, p < .05). Medications did not have a significant effect on any of the physiological indicators.
Caregivers Are Physiologically Reactive to Suffering
Before testing our hypotheses, we examined whether baseline physiology influenced the extent to which physiology increased from baseline to each experimental condition by calculating difference scores between baseline and each experimental condition and correlating the difference scores with baseline measures. Because these correlations were not significant (r values ranged from −.07 to .11 for systolic BP, −.09 to .00 for diastolic BP, and −.21 to −.15 for HR), we conducted repeated measures analyses of variance to test hypotheses 1 and 2 and t tests to test hypothesis 3 using the unadjusted difference scores. Table 1 shows means and standard deviations for caregivers' systolic BP, diastolic BP, and mean HR in each condition. The sample size varies for some of the measures and conditions for the following reasons: One caregiver did not watch the habituation video because he or she recognized the target; one care recipient was unable to perform the pain-eliciting task due to high BP; and the remaining variation in sample size was due to issues with movement and instrument connectivity. See Figure 1 for systolic BP means in response to the different experimental conditions (diastolic BP and HR followed a similar pattern).
Watching stranger's and partner's physical suffering.-Our first hypothesis was that caregivers would have increased systolic and diastolic BP and increased HR when watching a stranger perform a pain-eliciting task compared with a habituation stimulus. Our second hypothesis was that caregivers would be more reactive to their partners' pain than to strangers' pain. Overall, repeated measures analyses revealed results consistent with our predictions (see Table 2 ). Effect sizes (partial eta squared) for the significant effects ranged from .12 to .30.
Talking about the partner's physical, psychological, and existential or spiritual suffering.-Our third hypothesis was that caregivers would have increased systolic and diastolic BP and increased HR when talking about their partners' suffering compared with talking about a mundane interaction. Results of the t tests were consistent with our predictions (see Table 3 ). Effect sizes (Cohen's d) were .50 for systolic BP, .54 for diastolic BP, and .53 for HR. notes: BP = blood pressure; HR = heart rate.
Did Marital Satisfaction influence Reactivity to Partners' Suffering?
After establishing that marital satisfaction was not related to baseline differences in BP or HR, we tested our hypothesis that marital satisfaction is related to higher cardiovascular reactivity to the partner's suffering. We did this by simultaneously entering caregivers' marital satisfaction, age, gender, and medication use into multivariate regression models predicting BP and HR changes from control to experimental conditions using difference scores (e.g., the difference between systolic BP during habituation and while watching the partner in pain and the difference between systolic BP during talking about a typical meal and talking about the partner's suffering). in contrast to our hypothesis, there were no significant effects of marital satisfaction on changes in reactivity from control to experimental conditions for any of the physiological indicators. (The possible moderating effects of gender were also explored for each of the hypotheses. no significant findings resulted from these exploratory analyses.)
Discussion
The results of the current study indicate that exposure to a partner's suffering increases cardiovascular reactivity. Specifically, we found that witnessing another person perform a pain-eliciting household task, compared with watching a habituation stimulus, increases BP and HR, and BP and HR reactivity is higher when the person performing the paineliciting task is a spouse compared with a stranger. This was the case even when independent observers rated strangers as expressing more pain than spouses in the videos. We also found that talking about the suffering of the partner compared with talking about a mundane interaction with the partner also increases BP and HR. These data suggest that close family members are at particular risk for the negative health consequences of caregiving and that exposure to suffering is a key factor contributing to these effects.
Caregiving literature has consistently shown increased morbidity associated with strained caregiving but has been relatively silent regarding mechanisms that might account for these effects. Descriptive and case−control studies have notes: Difference scores between baseline physiology and physiology in each experimental condition were used in analyses. AnOVA = analysis of variance; BP = blood pressure; HR = heart rate.
* p < .05; **p < .01.
identified a number of physiological mechanisms, such as decreased immune functioning, fluctuations in stress hormones, and metabolic changes, that might contribute to health declines (Schulz & Sherwood, 2008) . However, these studies are open to methodological criticism because they often use cross-sectional analyses and do not control for possible confounds (e.g., existing health conditions, age, socioeconomic status). Moreover, these studies typically link mechanisms to caregiving stress in general as opposed to specific features of the caregiving experience. Ours is the first study to identify a specific aspect of the caregiving experience-care recipient suffering-and to assess its physiological impact experimentally. What are some of the implications of our study findings? First, we found that "merely" observing the suffering of partners or talking about the suffering of partners affects caregivers' well-being. This raises the question of whether other noncaregiving relatives of chronically ill adults experience similar effects of a partner's suffering. Research by Amirkhanyan and Wolf (2003) suggests that noncaregiving adult children of ill parents experience heightened depressive symptoms compared with caregiving children. This previous research suggests that not only is it important to compare responses to relationship partners and strangers, but future research should also examine different types of relationships (e.g., friends, parents, professional health care workers).
What are the implications of the present study for assessment and interventions for care recipients and caregivers? interventions that address a partner's suffering have received little attention in the caregiver intervention literature. Our findings suggest that intervention strategies that directly affect the suffering of the care recipient may be particularly effective in alleviating caregiver distress. Under circumstances where opportunities to control suffering are limited, interventions that help caregivers regulate their emotions may also be useful (e.g., mindfulness therapy; Bishop et al., 2004) . Furthermore, a dyadic or couplesoriented approach to implementing intervention strategies is likely to achieve positive effects for both care recipients and caregivers (Berg & Upchurch, 2007; Martire, 2005; Martire & Schulz, 2007) .
There are some limitations to this work. Because we used care recipients' actual behavior as stimuli in the experimental notes: Difference scores between baseline physiology and physiology in each experimental condition were used in analyses. BP = blood pressure; HR = heart rate. * p < .05.
conditions, we were not able to control the amount of suffering that was expressed. Also, the stimuli, although real, were probably less impactful than the types of suffering experienced when caring for a person with high levels of cognitive and physical disability, such as Alzheimer's disease. We also did not measure respiration during the speech tasks. Differences in respiration along with voice intensity and pace might conceivably contribute to the observed difference between talking about the meal and the suffering of the partner. Also, our sample size was small, which may have decreased our power in detecting the possible effects of marital satisfaction on physiological reactivity to partner suffering. Taken together, the results of the present study indicate that heightened cardiovascular stress caused by exposure to a loved one's suffering may be one pathway to caregivers' increased risk for cardiovascular disease. Although detection of suffering in a loved one can be adaptive and initiate provision of emotional support and assistance, exposure to suffering may also take a physical toll on caregivers. A major strength of this study is that it is one of the first to use experimental methods with ecologically valid stimuli to examine emotional processes in the context of caring for older adults. Finally, our results have important implications for interventions, suggesting that caregivers are likely to benefit from efforts to alleviate care recipients' suffering.
